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TheWeinberg–Salam Standard Model (SM) is investigated in the frame-
work of the Dirac Hamiltonian method with explicit resolving the Gauss
constraints in order to eliminate variables with zero momenta and negative
energy contribution in accordance with the vacuum postulate. This elim-
ination leads to static interactions in a frame of reference to initial data.
We list a set of observational and theoretical arguments in favor of that
these static interactions in SM are not the ”gauge” artefact and physical
results depend on the initial data as measurable parameters of the frame
transformations in contrast to unmeasurable parameters of gauge transfor-
mations. We show that the vacuum postulate leads to a new possibility
of spontaneous symmetry breaking in SM in the spirit of the Gell-Mann–
Oakes–Renner mechanism well known from QCD. This GMOR mechanism
provokes masses of vector and spinor fields without the Higgs potential.
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1. Introduction
The Hamiltonian method was considered as the mainstream of devel-
opment of gauge theories beginning with the pioneer papers by Dirac [1],
Heisenberg and Pauli [2], and finishing by the Schwinger quantization of
the non-Abelian theory [3]. The Hamiltonian method postulates the higher
priority of the quantum principles, in particular, the uncertainty principle
that forbids quantization of ”field variables” whose velocities are absent in
the Lagrange function [1, 4, 5].
The Dirac version of the Hamiltonian approach to gauge theories [1, 2, 4]
means that the time components of vector fields can be eliminated by ex-
plicit solving their classical equations. It was shown that this elimination
provided the vacuum postulate and correct relativistic transformations of
states of quantized fields [3, 6, 7], i.e., their transformations from a fixed
reference frame to another frame. An inevitable consequence of the Dirac
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approach to gauge theories is static interaction in the fixed frame distin-
guishing the time components of vector fields.
The Hamiltonian approach to quantization is considered as the foun-
dation of any heuristic quantization of the type of gauge-fixing method
including the Lorentz gauge formulations [9]. This foundation supposes the
equivalence of different formulations. It is worth emphasizing that the proof
of equivalence of the Lorentz gauge formulations with the Dirac Hamilto-
nian approach was given in [10] only for the particle scattering amplitudes.
In this paper, the Weinberg–Salam Standard Model is studied in the
framework of the Dirac Hamiltonian method with explicit resolving the
Gauss constraints in order to eliminate variables with zero momenta and
negative contribution in energy.
The Hamiltonian formulation of the Standard Model can reveal a new
point of view in comparison with the frame free formulation [11] used now
for describing observational data. Therefore, the Hamiltonian formulation
of SM becomes topical in the light of future precision experiments.
In Section 2, the Dirac approach to QED is remembered. Section 3 is de-
voted to the massive vector theory. In Sections 4 and 5 different mechanisms
of spontaneous symmetry breaking are considered in an Abelian model and
the corresponding analogue of the Gell-Mann–Oakes–Renner relation [12] is
given. Section 6 is devoted to the Standard Model.
2. Hamiltonian status of the Coulomb potential in QED
2.1. Action and reference frame









µν + ψ¯[i/∂ −m]ψ +Aµj µ
}
, (1)
where Fµν = ∂µAν − ∂νAµ is a tension, Aµ is a vector potential, ψ is the
Dirac electron-positron bispinor field and jµ = eψ¯γµψ is the charge current
and /∂ = ∂µγµ. This action is invariant with respect to the collection of
gauge transformations
Aλµ = Aµ + ∂µλ, (2)
ψλ = e+ıeλψ, (3)
ψ¯λ = e−ıeλψ¯. (4)
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The action prinicple in the form
δSQED
δAµ
= 0 used for the action (1) gives
the Euler-Lagrange equations of motion - known as the Maxwell equations
∂νF
µν + jµ = 0, (5)
and provokes the conservation law
∂µj
µ = 0. (6)
Solutions of Eqs. (5) which have physical meaning are obtained in a fixed
inertial reference frame1 distinguished by a unit timelike vector nµ (n
2
µ = 1).
This vector splits the gauge field Aµ into the timelike A0 = Aµnµ and
spacelike A⊥ν = Aν − nν(Aµnµ) components2.
Equations (5) take the form
∆A0 − ∂0∂kAk = j0, (7)
2Ak − ∂k[∂0A0 − ∂iAi] = −jk, (8)
where ∆ is Laplacian, 2 is d’Alambertian. Equation (7) is considered
as the Gauss constraint. The field components A0 cannot be a degree
of freedom because the canonical conjugate momentum to this variable
P0 = ∂L/∂(∂0A0) = 0 is equal to zero. The solution of Eq. (7) can be
written in symbolical form:









|~x− ~y| , (9)
where
ΛR = − 1
∆
∂kAk (10)
is a longitudinal component. The solution (9) is treated as the Coulomb
potential field leading to the static interaction.
1 The physical concept of a frame of reference to initial data is defined as a three-
dimensional coordinate basis with a watch, a ruler, and other physical devices
for measurement of time and distance, velocity, mass, and other physical quan-
tities, i.e. the initial data required for unambiguous resolving the equations of
motion (5). Inertial means that this coordinate basis is connected with a heavy
physical body moving without influences of any external forces. The inertial








, where ~v is the velocity. The frame of reference
ncµ = (1, 0, 0, 0) with ~v = 0 is the comoving frame. A transition into another inertial
frame is fulfilled by a Lorentz transformation Lµνn
c
µ = nµ. A complete set of inertial
frames {nµ} is obtained by all Lorentz transformations of a comoving frame.
2 Recall that this specific reference frame was chosen by Wigner [13] in order to con-
struct irreducible representations of the Poincare´ group supposing the existence of a
vacuum as a state with minimal energy (see in detail [14, 15]).
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2.2. Elimination of time component
Dirac [1] proposed to eliminating of the time component by the substi-
























δij − ∂i 1△∂j
)
Aj . (12)
This substitution leaves the longitudinal component ΛR given by Eq. (10)
without any kinetic term.
There are two possibilities. The first one is to treat ΛR as the Lagrange
factor that leads to the conservation law (5). In this approach, the longi-
tudinal component is treated as an independent variable. This treatment
violate gauge invariance because this component is gauge-variant one and
it be can not measurable. Moreover, the time derivative of the longitudinal
component in Eq. (9) looks like a physical source of the Coulomb potential.
By these reasons we will not consider this approach in this paper.
In the second possibility a measurable potential stress is identified with
the gauge-invariant quantity (9)
AR0 = A0 −
1
△∂0∂kAk . (13)
This approach is consistent with the principle of gauge invariance that iden-
tifies measurables with gauge-invariant quantities. Therefore according to
the gauge-invariance the longitudinal component should be eliminated from
the set of degrees of freedom of QED too.
2.3. Elimination of longitudinal component
In the paper [1] Paul Dirac supposed that we could measure only observ-
ables defined as gauge invariant functionals of the initial fields i.e. ”dressed
fields”, ”radiation variables”




3 This substitution, i.e. the calculation of value of the action onto a solution of the
Gauss constraint, is called the reduction procedure. This reduction allows us to
eliminate nonphysical pure gauge degrees of freedom [17].
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The source of the gauge-invariant potential field AR0 can be only an electric
current jR0 because the Gauss law (7) expressed by variables (14) and (15)
is diagonal i.e. the linear term ∂kAk is losed
∆AR0 (A) = j
R
0 ≡ eψ¯Rγ0ψR. (16)




k (A) = ∂kA
T
k (A) ≡ 0. (17)
In this manner the frame-fixing Aµ = (A0, Ak) combinate with understand-
ing of A0 as a classical field and use of the Dirac diagonalization (14), (15)
of the Gauss constraints (7) lead to understanding of the variables (14), (15)
as functionals. It is not difficult to check that these functionals are invariant
with respect to a gauge transformation (2) of the initial variables Aµ, ψ
ARµ (A+ ∂λ) = A
R
µ (A), (18)
ψR(eieλψ,A+ ∂λ) = ψR(ψ,A). (19)
2.4. Theorem of equivalence
Substitution of a manifest resolution of the Gauss constraints (7) into
the initial action (1) calculated on constraints cause that the initial action

















































are the canonical conjugate momenta
fields of the theory. In this way the vacuum can be defined as a state with
minimal energy obtained as the value of the Hamiltonian onto the equations
of motion and relativistic covariant transformations of the gauge-invariant
fields are proved on the level of the fundamental operator quantization in
the form of the Poincare´ algebra generators [6, 3].
It is well known that quantum theory can be understand by alternaive
approach which was given by Richard Feynman [8]. Fundamental role in
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the Feynman approach plays the path integral which in case of our theory
has a form







R, ηR, η¯R] is the R-action of the external sources given by the
formula
SRS [J









The Feynman path integral (22) is commonly understood as the gener-
ating functional for the Green functions














The canonical form of the generating functional (22) is used for the foun-
dation [10] of any heuristic quantizations including the most popular in
last year the Faddeev–Popov path integral quantization [9] in terms of the
















Using this representation one can pass to the Lorentz variables satisfying
the gauge constraint
∂µA
fµ ≡ 0 (27)
by changes of the variables and sources. The change of r-variables can be







ψr(ψf , Af) = eieΛ
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where the Lagrangian which corresponds to the source action SRS [J
R, ηR, η¯R]
expressed in terms of the Lorentz variables is
ψ¯fe−ieΛ
R(Af )ηR + η¯ReieΛ




The change of variables (28), (29), and (30) conserves all results.








f ,ψ¯f ]+iSFS [J
F,ηF,η¯F] (33)
This functional differs from the radiation one (25) only by the source term
SFS [J









instead of SRS [J
R, ηR, η¯R]. One can see that this frame free (F)-source term
(34) differs from the radiation source term in (32) by absence of the Dirac
gauge factors
η¯R exp{ieΛR(Af)} ψf → η¯Fψf , (35)
ZR(ηR,η¯R)|ΛR(Af )=0 = ZF(ηR,η¯R)|ηR=ηF, η¯R=η¯F . (36)
Thus, the transition from the R-sources to the F-sources loses the Dirac
dressed factor together with the instantaneous Coulomb interaction.
There are proofs that R-functional (25) leads to instantaneous bound
states [5, 18]. These bound states differ from the ones formed by the
F-functional (33) with the propagators in the Lorentz gauge formulation,
where they have only the light-cone singularities.
2.5. Radiation variables and instantaneous interactions
Thus instantaneous interaction and corresponding bound states are lost
in any frame free (F) formulation including the Lorentz gauge one and SQED
is transformed into
SQED[A









2 + ψ¯F[i/∂ −m]ψF +AFµjFµ
}
,(37)
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where








are the manifest gauge-invariant functionals satisfying the equations of mo-
tion
2AFµ = −jFµ , (41)
and the gauge constraint
∂µA
Fµ ≡ 0. (42)
Really, instead of the potential (satisfying the Gauss constraints△AR0 = jR0 )
and two transverse variables in QED in terms of the radiation variables (14)
we have here three independent dynamic variables, one of which AF0 satisfies
the equation
2AF0 = −j0, (43)
and gives a negative contribution to the energy.
We can see that there are two distinctions of the “Lorentz gauge formu-
lation” from the radiation variables. The first is the lost of Coulomb poles
(i.e. instantaneous interactions). The second is the treatment of the time
component A0 as an independent variable with the negative contribution to
the energy; therefore, in this case, the vacuum as the state with the mini-
mal energy is absent. In other words, one can say that the instantaneous
interaction is the consequence of the vacuum postulate too4.
In order to demonstrate the inequivalence between the radiation vari-
ables and the Lorentz ones, let us consider the electron-positron scattering
amplitude TR = 〈e+, e−|Sˆ|e+, e−〉. One can see that the Feynman rules in
the radiation gauge give the amplitude in terms of the current jν = e¯γνe
TR =









q20 − ~q2 + iε
+
(q0j0)
2 − (~q ·~j)2
~q2[q20 − ~q2 + iε]
. (44)
4 The inequivalence between the radiation variables and the Lorentz ones does not
mean violation of the gauge invariance, because both the variables can be defined as
the gauge-invariant functionals of the initial gauge fields (14) and (38).
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This amplitude coincides with the Lorentz gauge one,
TF = − 1
q20 − ~q2 + iε
j20 −~j2 − (q0j0 − ~q ·~j)2(q20 − ~q2 + iε)
 , (45)
when the box terms in Eq. (35) can be eliminated. Thus, the Faddeev
equivalence theorem [10] is valid, if the currents are conserved
q0j0 − qkjk = 0, (46)
but for the action with the external sources (34) the currents are not
conserved. Instead of the classical conservation laws we have the Ward–
Takahaski identities for Green functions, where the currents are not con-
served
q0j0 − qkjk 6= 0, (47)
and the amplitude (45) in the Feynman gauge
TF = − j
2
0 −~j2
q20 − ~q2 + iε
(48)




2 − jµAµ. (49)
There is no well defined vacuum state because the time component has a
negative contribution to the energy.
The second argument against this theory is the following. The Lorentz
gauge perturbation theory (where the propagator has only the light cone
singularity qµq
µ = 0) can not describe instantaneous Coulomb atoms; this
perturbation theory contains only the Wick–Cutkosky bound states whose
spectrum is not observed in the Nature. It is an argument to doubt the
Lorentz gauge description of atoms and hadrons.
If we keep instantaneous interactions, the question arises about a choice
of the frame and relativistic invariance. We can see that the relativistic
invariance as the theory of irreducible representation of the Poincare´ group
does not mean the frame free formulation, but it means that a complete set
of all physical states includes the states obtained by all Lorentz transforma-
tions of the comoving frame [14, 15].
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3. Static interaction in massive vector theory
3.1. Action and reference frame







M2V 2µ + ψ¯(i/∂ −m)ψ + Vµjµ , (50)
where jµ ≡ eψ¯γµψ are the currents. In a fixed frame of reference the RHS
of the Lagrangian (50) takes the form
(V˙k − ∂kV0)2− (∂jV Tk )2 +M2(V 20 − V 2k )
2
+ ψ¯(i/∂ −m)ψ + V0j0 − Vkjk,(51)
where V˙ = ∂0V and V
T
k is the transverse component defined by the action
of the projection operator given in Eq. (12). In contrast to QED this action
is not invariant with respect to gauge transformations. Nevertheless, from
the point of view of the Hamiltonian method the massive theory has the
same problem as QED. The time component of the massive boson has vanish
canonical momentum.
3.2. Elimination of time component
In [7] one supposed to eliminate the time component from the set of
degrees of freedom like the Dirac approach to QED, i.e. using the action
principle in the form
δS
δV0
= 0 which produce the equation of motion under-
stood as constraints
(△−M2)V0 = ∂iV˙i + j0. (52)










In order to eliminate the time component, let us insert the solution (53)
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into the Lagrangian (51) [1, 7]. Taking into account the formulae
V˙k − ∂kV0 = V˙ Tk − ∂k
1
△M
2χ˙− ∂kJ , (54)
1
2
























J 2 +M2χ˙J , (56)
j0V0 = j0J + j0χ˙, (57)
with χ =
1
△−M2 ∂iVi, J =
1





k by means of the projection operator by analogy to (12) we



















k −M2(V ||k )2
]
+ ψ¯(i 6∂ −m)ψ





The last two terms are the contributions of the longitudinal component only.
It is easy to check that the Lagrangian (58) corresponding to the con-
ventional massive vector field propagator DFµν(q) and amplitude [11]
TF = j˜µDFµν(q)j˜








where j˜ is the Fourier–transformed current j.
The last term in the Lagrangian (58) is the instantaneous interaction
of the spinor current j0 with the time derivative of the single longitudinal
component ∂kV˙
||
k . Similar current – single longitudinal component transition
is eliminated from the Lagrangian of QED (11) by the gauge transforma-
tion (14) of the spinor field because the longitudinal component cannot be
treated as the dynamic variable.
In the Lagrangian of massive QED given by Eq. (58), the longitudinal
component is the dynamic variable described by the bilinear term. Analog-
ical Dirac-type transformation of the spinor field given by
ψR = e−ieχ(x)ψ, (60)
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can be treated as the nonperturbative collective excitation of the longitudi-















k = −V R||k jk, (62)
ψ¯(i 6∂ −m)ψ = ψ¯R(i 6∂ −m)ψR. (63)
If the massM 6= 0, one can pass from the initial variables V ||k to the collective
ones V
R||











Using of transformations (62), (63) and (64) cause that the Lagrangian (58)





















− V Tk jk − V R||k jk + ψ¯R(i 6∂ −m)ψR . (66)
3.3. Hamiltonian of the system
The Hamiltonian corresponding to Lagrangian (66) can be construct in
the standard way. The canonical conjugate momenta fields in the theory
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It is well known [16] that between the Lagrangian and the Hamiltonian is
fullfilled the Legendare transformation which in our case has a form
LR = ΠV T
k






Using the relations (66), (67), (68), (69) in converting relation (70) give us







+ V Tk (M





















+ V Tk jk + V
R||
k jk −ΠψRγ0(iγk∂k +m)ψR (71)
One can be convinced [7] that the corresponding quantum system has a vac-
uum as a state with minimal energy and correct relativistic transformation
properties.
3.4. Quantization
We start the quantization procedure from the canonical quantization by



















Now we construct the Fock space of annihilation and creation operators by
the ETCCRs [
a−(λ) (±k) , a+(λ′)
(±k′)] = δ3 (k− k′) δ(λ)(λ′); (74){
b−α (±k) , b+α′
(±k′)} = δ3 (k− k′) δαα′ ; (75){
c−α (±k) , c+α′
(±k′)} = δ3 (k− k′) δαα′ . (76)
The vacuum state |0〉 in the Fock space is defined by the relations:
a−(λ)|0〉 = b−α |0〉 = c−α |0〉 = 0. (77)


































iωt−ikx + c+α (−k) ν+α e−iωt+ikx
]
, (80)
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One can define the vacuum expectation values of the instantaneous prod-
ucts of the field operators
ViVj = : ViVj : + 〈ViVj〉, (81)























are the Pauli – Jordan functions.
3.5. Propagator for radiation massive vector bosons















Use this give us the propagator of the massive vector field in radiative
variables












Together with the instantaneous interaction described by the current–curent













that differs from the acceptable one (59). The amplitude given by Eq. (87)
is the generalization of the radiation amplitude in QED. As it was shown in
[7], the Lorentz transformations of classical radiation variables coincide with
the quantum ones and they both (quantum and classical) correspond to the
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transition to another Lorentz frame of reference distinguished by another




[qµ − nµ(qn)][qν − nν(qn)]
M2 + |qµ − nµ(qn)|2 − δµν
]
1
q2 −M2 + iǫ
+
nµnν
M2 + |qµ − nµ(qn)|2 , (88)
where nµ is determined by the external states. Remember that the conven-




q2 −M2 . (89)
In contrast to this conventional massive vector propagator the radiation-
type propagator (88) is regular in the limit M → 0 and is well behaved for
large momenta, whereas the propagator (89) is singular.
The radiation amplitude (87) can be rewritten in the alternative form
TR = DRµν(q)j˜









for comparison with the conventional amplitude defined by the propagator
(89). One can find that for a massive vector field coupled to a conserved
current (qµj˜
µ = 0) the collective current-current interactions mediated by
the radiation propagator (88) and by the convential propagator (89) coincide
j˜µDRµν j˜
ν = j˜µDFµν j˜
ν = TF . (91)
If the current is not conserved j˜0q0 6= j˜kqk, the collective radiation field vari-
ables with the propagator (88) are inequivalent to the initial local variables
with the propagator (89), and the amplitude (87). The amplitude (91) in
the Feynman gauge is
TF = − j
2
0 −~j2
q20 − ~q2 −M2 + iε
, (92)




2 − jµVµ + 1
2
M2V 2µ (93)
In this theory, a well defined vacuum state does not exist because the time
component has a negative contribution to the energy.
Weak Static Interactions in the Standard Model 17
4. Static interaction in the Abelian Higgs model
Now we will discuss alternative mechanisms of the spontaneous symme-













µφ∗ − f |φ| ψ¯ψ
}
, (94)
where the first three terms of the RHS are the Lagrangian of a vector field Vµ
and the massless spinor field ψ and the final two terms are the Lagrangian
of the scalar field φ. Here /∂ = ∂µγµ and Dµ = ∂µ+ igVµ, jµ = gψ¯γµψ is the
current, f and g are the coupling constants, Fµν = ∂µVν−∂νVµ is a tension.
Transition into the new variables collection given by
φ = |φ| eigχ, (95)
Vµ(h) = Vµ + ∂µχ, (96)
ψ(h) = e
igχψ, (97)
means the absorbtion of the phase variable χ by the vector field known as
the Higgs effect. We call the modulus |φ|, the vector fields Vµ(h), and spinor
ones ψ(h) the Higgs gauge-invariant variables. The action (94) in terms of







∂µ |φ| ∂µ |φ|+ 1
2










where F(h)µν = ∂µV(h)ν − ∂νV(h)µ and j(h)µ = gψ¯(h)γµψ(h) are the tension
are the current expressed in Higgs variables terms.
4.1. Elimination of time components
Usually, the action principle in the form
δS
δV0
= 0 gives the Euler–
Lagrange equation of motion which is treated as constratints
(△− g2 |φ|2)V0 = −∂iV˙i + j0. (99)
We can solve these constarints immediately. The solution in symbolical
notation is
V0[~V , j0] =
1
△− g2 |φ|2 (−∂iV˙i + j0) . (100)
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△− g2 |φ|2 j0 + j0
(
1
△− g2 |φ|2 ∂iV˙i
)
+ Viji
+ ψ¯(i 6∂ −m)ψ , (103)
are the reduced Lagrangians of massive vector and massive spinor fields
respectivey. The reduction operator is defined by








R−1ij = δij − ∂i
1
g2 |φ|2∂j . (105)
Usually, in order to diagonalize the Gauss law (99), one can pass to the
collective radiation variables. The second term in (103) can be eliminated
by the radiation variables as follows








which generalizes the radiation variables in QED and leads to the theory
with the positive definite Hamiltonian with presence of the static interac-
tions5 and a vacuum as the state with the minimal energy.
5 In [21], the Dirac-type Hamiltonian approach to SM distinguished by the static
interactions is compared with the acceptable frame free method [11] using as an
example the kaon – pion transition and the semileptonic and nonleptonic kaon decay
probability amplitudes. This comparison shows that the static interactions separate
the low-energy contributions from the high-energy ones and allow one to use the
low-energy approximations. Therefore, the obtained amplitudes allow one to extract
information about form factors of π and K mesons from the K+ → π+ transition in
the K+ → π+e+e−(µ+µ−) and K+π− → e+e−(µ+µ−) processes. The parameters
of the differential K → πe+e− decay rate were estimated in the chiral perturbation
theory [22] in agreement with experimental data.
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5. Symmetry breaking without the Higgs potential
The vacuum postulate allows us to obtain masses of all particles by








In this case, there is a possibility of spontaneous symmetry breaking (i.e.
the mass of vector field) in the model (98) by the nonzero expectation values
of the vector and spinor fields well-known as the condensates [20]
VµV
µ = : VµV
µ : + 〈VµV µ〉 , (109)





These formulae are treated in QFT as the normal ordering of the field
products. Recall that the condensate of the Dirac spinor field with a mass















Substitution of this normal ordering (109), (110) into the action (98) leads
to the mass of the scalar field modulus |φ|
Lφ = 1
2








g2 |φ|2 [: VµV µ : + 〈VµV µ〉]. (113)
The theory (113) contains the linear term |φ| 〈ψ¯ψ〉 that can lead to non-
stable perturbation theory. One can remove this linear term by a nonzero
expectation value of the modulus of the Higgs field




Requiring that the sum of linear terms in the Lagrangian (113) is equal to
zero gives us the following relation between the vector and spinor conden-
sates:
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are the mass of the scalar particle and the mass of the spinor field respec-
tively.
The formula for the mass of the scalar particle in Eq. (118) is very








which is known from the low-energy QCD chiral perturbation theory [12],
where the meson mass mpi and its weak decay constant Fpi play the roles of
the scalar particle mass and its expectation value, respectively. The vacuum
mechanism of spontaneous symmetry breaking admits disappearance of the
scalar field in the limit mh ≫MV .
6. GMOR mechanism of symmetry breaking in SM
This vacuum mechanism (118) can be considered for the accepted SM
of electroweak interaction (we keep here only electron and neutrino)
LSM = Lφ + Ll + LV (121)










−µ + (g2 + g′2)Z2µ] (122)



































ν −DνW+µ ]2 − ie(∂µAν − ∂νAµ)W+µW−ν




ig cos θW [(DµW
+
ν −DνW+µ )(W−µZν −W−νZµ)− c.c.]
+ ig cos θW (∂µZν − ∂νZµ)W+µW−ν, (124)
are the Lagrangians of scalar, lepton and vector fields, respectively. The





where the nonzero expectation value of the scalar field goes from the con-
densate of all spinor fields s¯s = : s¯s : + 〈s¯s〉 (here s is e and ν). We obtain


































is the mass of the Higgs particle. The difference from the Higgs mechanism
is the absence of the self-interaction of the Higgs particle within the loop
counter-terms.
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7. Conclusions
In the paper the status of the static interactions in the SM was investi-
gated. Recall that the static interaction in the canonical QED [1] is obtained
if the field component with zero momenta is eliminated by solving the Gauss
constraint and the longitudinal field as the linear source of the Coulomb po-
tential system is removed by dressing charged fields by the phase factors.
This elimination unambiguously leads to the radiation variables associated
in QED with the Coulomb gauge constraint.
In the SM, the static interaction and radiation variables of the massive
vector bosons also appear, when the fermions are dressed by the Dirac type
phase factors; however, these variables do not correspond to any gauge con-
straint.
The transition from the radiation variables to the conventional frame
free ones [11] is fulfilled by the elimination of the Dirac type phase fac-
tors of physical sources. This elimination is just the point where the frame
free variables lose all static interactions together with their physical effects,
including the instantaneous bound states. This loss does not mean the vi-
olation of gauge-invariance because both the radiation variables and the
frame free ones can be defined as the gauge-invariant functionals of the ini-
tial fields.
Thus, the Hamiltonian method leads to the static interactions as an in-
evitable consequence of the general principles of QFT including the vacuum
postulate. We show also that the vacuum postulate gives a possibility of for
Gell-Mann–Oakes–Renner mechanism of spontaneous symmetry breaking,
which provokes masses of vector and spinor fields in SM without the Higgs
potential.
This approach to the SM [7] can be compared with the conventional
frame free method [11] using as an example the K+ → π+ transition and
nonleptonic kaon decay amplitudes [21, 22]. This comparison shows us that
the Hamiltonian approach to the SM separates the low-energy contributions
from the high-energy ones and expresses these amplitudes in terms of the
hadron electroweak form factors in agreement with the observational data
[23].
These results show that the canonical formulation of the SM with the
vacuum postulate [3] can reveal new physical effects in comparison with the
frame free formulation [11] used now for description of experimental data.
Therefore, the Hamiltonian formulation problem in the SM becomes topical
in the light of future precision experiments.
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